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The objective of this work was to evaluate the differ-
ences in distribution of photoassimilates between a
sample of a wild population and a domesticated variant
of common bean, by comparing the yield components,
harvest index, leaf area efficiency and seed filling rate,
when grown under greenhouse conditions. Significant
positive correlations were observed in the wild common
bean for seed yield and seed number per plant and seed
number per pod. In contrast, in the domesticated variant
there was a positive correlation between seed number
and pod number per plant, stem dry weight and number
of nodes. Seed size in the domesticated variant was
associated positively with yield. The biomass per plant
accumulated in stems, leaves and pod walls was statis-
tically similar between the wild and the domesticated
variant, but a different distribution of assimilates
caused a difference in the size and number of these
structures. However, total biomass per plant was higher
in the domesticated variant due to high seed biomass.
The greater efficiency of seed production of the domes-
ticated bean was associated with a longer life span of
the leaves, a higher harvest index and reduced compe-
tition between vegetative and reproductive structures.
These results support the hypothesis that domestica-
tion increased the efficiency in partitioning of photoas-
similates toward seeds in the common bean.
Wild plant populations represent a source of genetic vari-
ability. These populations can be used to incorporate desir-
able traits into cultivars (Gepts and Debouck 1991, Lynch et
al. 1992). A better knowledge of wild populations will assist
in defining potentially useful characters. This, in turn, will
help to advance an understanding of the domestication
process (García et al. 1997, Peña-Valdivia et al. 1998,
1999). Comparative studies between wild beans and
domesticated beans have demonstrated that several traits
have been modified as a result of the domestication
process. In most domesticated species, such as beans, an
increase in the size of organs of anthropocentric interest like
seeds, pods and leaves is observed. Other changes have
taken place, such as the decrease or elimination of seed
dormancy (López et al. 1999) and pod dehiscence (Delgado
et al. 1988), insensibility to photoperiod (Gepts and Debouck
1991), as well as molecular modifications in the phaseolins
(Smartt 1988). Seed size enlargement is linked with
decreased number of pods, nodes, branches, flowers, and
leaves per plant, in opposition with increased size of pods
and leaves, as well as a bushy determinate growth habit
(Smartt 1988, Gepts and Debouck 1991). All these conspic-
uous morphological changes can be largely determined by
modifications in the distribution patterns of the photoassimi-
lates. Nienhuis and Singh (1986) stated that the characters
that determine the shape, size and organisation of the plant
are related among themselves. They also indicated that the
selection to increase the expression of any of these charac-
ters may result in concurrent changes in the level of expres-
sion of the others. If the set of changes generated in the
morphology of the domesticated beans only reflects a
change in the distribution of the photoassimilates, it could be
expected that the total biomass is not significantly modified,
as in the case of wheat (Triticum aestivum L.) (Dobben
1962). Biomass production and the distribution of photoas-
similates has not been studied in the common bean by com-
paring wild populations with domesticated variants. An
increased partitioning of photoassimilates to the reproduc-
tive structures in relation to the vegetative structures, is
reflected in a higher harvest index (HI) and has been relat-
ed to the increase of the yield potential of crops like wheat
(Austin et al. 1980), rice (Oryza sativa L.) (Cook and Evans
1983) and peanuts (Arachis hypogaea L.) (Duncan et al.
1978).
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Berrocal-Ibarra, Ortiz-Cereceres and Peña-Valdivia206
In wheat and rice crops, the increase of HI, through domes-
tication and plant breeding, was more obvious when the wild
ancestors, the traditional cultivars and the improved cultivars
were compared (Evans 1993). Scully and Wallace (1990)
stated that the HI has played an important role in increasing
bean yield, but total biomass production, days to flowering,
and growth rate of seeds have also contributed in a relevant
way. In the common bean, as in other legumes, there is a
need to carry out morphologic and agronomic comparisons
between wild populations and cultivars. These comparisons
should include the total biomass of all the leaves produced
during the complete life cycle of the crop so that the HI is not
overestimated. The objective of this study was to compare
differences in the seed yield, seed yield components, HI, leaf
area efficiency and seed filling rate in a sample of a wild bean
population and a domesticated variant.
Materials and Methods
Plant materials
The following bean germplasm was evaluated: a) a sample
of a wild bean population from Tuitán, Saltito, Durango,
Mexico (code G11033, from the germplasm Bank of the
International Centre for Tropical Agriculture, CIAT, according
to Toro et al. 1990). This sample was multiplied in a green-
house of the Colegio de Postgraduados, in Montecillo,
Mexico. Seed colour is beige and seed size after first
increase, is 7.5g/100 seeds (Toro et al. 1990). The morpho-
logical and agronomic characterisation of the wild sample
was made by García et al. (1997); b) the domesticated vari-
ant was the experimental line 370, derived from the group of
recombining lines of the Ideotype Project. It was provided by
the Genetic Bean Improvement Program of the Institute for
Genetic Resources and Productivity of the Colegio de
Postgraduados. This line has an indeterminate growth habit
II, and flowers 52 days after planting. It produces an average
of five seeds per pod, and has a high harvest index and a
high grain yield per plant. The seed coat is beige and seed
size is 25.7g/100 seeds (P Ramírez Vallejo, personal com-
munication, 1994).
Growth conditions
Trials were conduced in a glasshouse located in Montecillo,
in the State of Mexico, at 2 353m above sea level, 19º31’
Northern Latitude and 98°53’ West Longitude, with a
Cb(w1)(w)(i)g climate. The cool summers have an average
annual temperature of 15.9°C (García 1987). The wild seeds
were scarified before planting by opening a 1–2mm long fis-
sure in the seed coat (testa) at the opposite end of the
micropyle. One seed was planted per pot containing 6kg of
substrate. The substrate was composed by two thirds of for-
est mulch with a high content of organic matter and a third
of river sand. A completely randomised design, with four
replications was used. Sixty plants of wild beans and the
domesticated variant were planted, each plant group was
divided into four subsets, and one plant in each subset rep-
resented an experimental unit. Water was applied three
times per week during the whole growth phase of plants.
Wild plants exhibiting growth habit IV were supported by
using 2–3 cotton cords per plant, and was attached to the
pot and the greenhouse ceiling.
Phenological, morphological, vegetative and reproduc-
tive structures
The dates to start a particular stage of development or when
at least 50% (T50) of the plants reached it were recorded.
The stages of development were: plant emergence (or
development stage V1), full expansion of the primary leaf
(V2), full expansion of the first (V3) and third trifoliolate leaf
(V4), pre-flowering (R5), flowering (R6), pod emergence
(R7), filling of pod (R8) and pod maturity (R9), according to
Fernández et al. (1983). The growth habit of each plant was
identified according to the CIAT classification (Fernández et
al. 1983).
At maturity, yield and its components were measured in a
randomly selected ten-plant sample with the most abundant
growth habit. In order to obtain the dry weight, the harvest-
ed material was kept in a forced-air incubator at a tempera-
ture of 70°C for 48h. Dry weight of the seed, the number of
pods and seeds per plant, the number of seeds per pod, the
individual weight of the seed and the length of the pods were
quantified. Total plant biomass, and that of every organ,
were evaluated. Total biomass included the dry weight of
stems with petioles, leaves, seeds, pod walls and roots. The
length of the stem was measured (from the cotyledonary
node to the stem tip) and the number of nodes on the stem
was counted. Total dry weight of leaves was evaluated by
collecting the leaves, during all the growth cycles, from a
sample of ten plants per repetition. The percentage of natu-
ral defoliation during the reproductive period was evaluated
through the direct counting of leaves per plant. At flowering
(45 DAS) 10 full expanded trifoliolate leaves were selected
from each of 10 plants and they were labelled, to be identi-
fied at maturity, and outlined onto a sheet of paper, to deter-
mine their leaf area. At maturity, these leaves were recol-
lected and their weight was registered. With this information
a leaf area:weight index was obtained which was used to
calculate the leaf area with the total leaf weight per plant.
The harvest index (HI), seed filling rate (SFR) and leaf
area efficiency (LAE) were calculated using the following
equations: HI = seed weight per plant / total dry weight per
plant, SFR = total weight of the seed / days for the filling of
the seed (period of time comprised between the flowering
and the physiological maturity stages or stage R9) and LAE
= seed weight per plant / leaf area per plant.
The statistical procedures included an analysis of variance
(ANOVA), multiple comparison of means by the Tukey test
(P ≤ 0.05), and simple correlation. All analyses were carried
out using the SAS statistical software package for personal
computer (SAS Institute, 1986).
Results and Discussion
Phenology
The wild plants were less synchronic in phenology than the
plants of the domesticated variant and spend between one
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and seven more days to reach the T50 of a particular pheno-
logic stage. However, on average, the T50 of each stage of
development was similar between the domesticated and
wild bean (Table 1).
The wide asynchrony in the initiation of reproductive
stages of a wild bean sample from the same origin of that
used in the present investigation was previously observed
by García et al. (1997). These authors indicated that days to
flowering, duration of flowering and days to physiological
maturity fluctuated between 27 and 36 days, 19 and 34
days, and 80 and 107 days, respectively, when the wild bean
was grown in a glasshouse.
Growth habit
Two growth habits were identified in the wild sample. Ninety-
seven percent of the 60 wild plants showed indeterminate
growth habit IV (climbing main-stem and lateral branches
topped by a vegetative meristem, and very long main-stem,
according to CIAT, 1987), and only 3% exhibited growth
habit III (prostrate, main-stem and lateral branches topped
by a vegetative meristem; results are not shown). The pro-
portion of growth habits developed by the wild common
bean sample in the present work contrasted with those
obtained with other samples of wild bean grown in a green-
house or in the field, which expressed two, three or all four
growth habits in different proportions (García et al. 1997,
Bayuelo-Jiménez et al. 1999). The domesticated variant
appeared homogeneous, producing plants of growth habit II
only. These findings confirm that, it is possible to observe
more than one growth habit within a sample of the wild com-
mon bean. In contrast, as a product of the selection of char-
acteristics of anthropocentric interest, a cultivar of common
bean produces plants of one growth habit only (García et al.
1997, Peña-Valdivia et al. 1998). The results presented in
the next paragraphs relate to 97% of the total wild sample
population and include only plants with growth habit IV.
Plants with growth habit III were excluded due to the very
low proportion in the whole wild sample.
Yield and yield components
Seed yield, number of seeds per pod, seed size, length of
pod, HI, SFR, and LAE were significantly greater in the
domesticated variant. However, the domesticated variant
had fewer seeds per plant, less pods per plant, fewer nodes
per plant and a shorter main stem. Other morphological
traits such as biomass of root, stems, leaves, and pod walls
were similar between the wild and the domesticated variant
(Table 2). Seed yield of the domesticated variant (growth
habit II) was 36% greater than that of wild beans (growth
habit IV) (Table 2). The relationship between seed yield and
growth habit observed in domesticated and wild beans, con-
trasted with results of comparisons of common bean culti-
vars and lines (Nienhuis and Singh 1985) and wild beans
(García 1994, Bayuelo-Jiménez et al. 1999) where seed
yield was higher in plants with growth habit IV. However, the
yield of the wild bean was significantly lower than the cv.
Bayo Mecentral, (both with habit type III) when they were
grown in a glasshouse (Peña-Valdivia et al. 1998). The
authors pointed out that the low yield of the wild bean was
due to smaller seed size, less seed weight and fewer seeds
per pod. Results of the present work (Table 2) support this
observation. The greater number of seeds per plant in wild
bean did not improve the yield because wild bean had very
low seed weight and fewer seeds per pod. The high yield of
the domesticated bean, which had significantly lower seed
number per plant, was determined mainly by seed size that
was 53% greater than that of the wild bean (Table 2). The
results demonstrate that seed size was an important com-
ponent of yield, although correlation between yield and seed
size was not statistically significant (Table 3).
It has been proposed that seed size increase as a result
of domestication may carry along a negative effect on the
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Growth stage and code Wild (DAS)a Domesticated (DAS)
Start T50 Start T50
Emergence (V1) 5 7 5 7
Primary leaves (V2) 12 14 12 14
First trifoliolate leaf (V3) 21 34 27 34
Third trifoliolate leaf (V4) 36 44 39 44
Preflowering (R5) 42 44 47 49
Flowering (R6) 45 53 49 52
Pod formation (R7) 47 58 52 57
Pod filling (R8) 51 73 65 73
Maturity (R9) 104 108 105 110
aDAS: days after sowing. The time to starting each phenological
stage was registered when at least one plant reached that particu-
lar stage. T50: time when at least 50% of plants reached a particular
stage of development
Table 1: Phenological traits of a sample from a wild population of
the common bean, obtained from Durango, Mexico, and a domesti-
cated common bean variant, grown in a glasshouse at Montecillo,
Mexico
Trait Wild Domest. LSDa
Harvest index (g/g) 0.44 0.54 0.04
Leaf area (dm2) 26.14 28.32 N.S.
Leaf area efficiency (X 103) 8.08 10.93 1.80
Leaves biomass (g) 8.71 7.85 N.S.
Length of main stem (m) 1.76 0.51 0.43
Length of pods (cm) 6.66 9.74 0.70
Main stem nodes per plant (number) 17.90 11.00 3.90
Pods per plant (number) 61.70 22.70 11.70
Pod walls biomass (g) 8.62 8.06 N.S.
Seed filling rate (g/day) 0.35 0.52 0.03
Root biomass (g) 2.82 2.75 N.S.
Seeds per plant (number) 163.10 118.3 36.30
Seeds per pod (number) 2.74 5.22 0.54
Seed size (mg/seed) 120.90 256.6 15.80
Stem biomass (g) 5.46 7.24 N.S.
Total biomass per plant (g) 44.98 56.15 11.46
Yield or seed biomass (g) 19.37 30.24 5.17
aLSD: Fisher's Least Significant Difference (P < 0.05)
Table 2: Morphological traits, yield and yield components and index
of efficiency of a sample of wild population (growth habit IV) of the
common bean obtained from Durango, Mexico and a domesticated
(Domest.) common bean variant (growth habit II, grown in a
glasshouse at Montecillo, Mexico)
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yield, as the seed size is frequently inversely correlated with
the yield in the domesticated beans (Nienhuis and Singh
1985, White and González 1990). However, White and
González (1990) indicated that the relationship between
yield and seed size could be positive depending on the
growing environment while Sexton et al. (1994) and
Bayuelo-Jiménez et al. (1999) found no statistically signifi-
cant correlation between yield and seed size in both the
domesticated and wild bean.
Vanderborght (1983) observed a high number of small
seeds per pod in wild bean. In the present study, the corre-
lation between seed weight and number of seeds per pod
was not significant (Table 3). Number of seeds per pod and
seed weight of the domesticated variant were greater than in
the wild bean. These results demonstrate that it is possible
to obtain pods with greater seed number and longer seed
size (Table 2) through domestication.
Although pod number in the wild bean was significantly
greater than in the domesticated variant, the biomass of pod
walls did not differ among beans, and the length of the pods
was significantly greater in the domesticated variant than in
the wild bean (Table 2). The difference in pod number and
length of pods as well as the similarity in pod wall biomass
between the wild bean and the domesticated variant indicat-
ed that a compensatory effect and a different pattern of pho-
toassimilate distribution probably existed between these
structures. In the wild bean, many small pods were pro-
duced whereas in the domesticated bean fewer, larger sized
pods were produced.
Based on the seed dry weight:pod wall dry weight ratio of
the wild and domesticated common bean, Peña-Valdivia et
al. (1998) found that the increase of the length of pods,
which is recognised as a result of domestication, is not pro-
portional to the increase in pod wall dry weight and seed dry
weight, and that this dry weight ratio was almost twice as
large in the domesticated bean (4.2) as compared to the wild
bean (2.5). Similar ratios (3.2 and 2.2, respectively) were
obtained in the present study.
The number of pods per plant is considered as one of the
most important yield components in the case of grain
legumes (Adams 1982) and it has been recommended as a
selection criterion for high seed yield (Safari 1978).
However, selection based on yield components has not
proven to be effective for improving the yield (Adams 1967).
This controversy with respect to the effectiveness of yield
components to increase yield, is probably related to the
compensation phenomenon, which has been identified by
the inverse relationship among the first order yield compo-
nents (Adams 1967). Tanaka and Fujita (1979) found that
the positive regression between seed yield and number of
pods per plant was not completely linear, due to the fact that
in plants with a large number of pods, there were fewer
seeds per pod or smaller seed size which consequently
reduced yield.
In the present study, the relationship between seed yield
and number of pods per plant was positive and significant in
the domesticated variant, but it was not in the wild bean
(Table 3). This could be due to the fact that in the wild bean
seed number per pod and seed size were approximately 50%
lower compared to the domesticated bean, and number of
pods per plant practically did not influence seed yield. The
results obtained in the present study regarding yield and yield
components support the idea that during the bean domesti-
cation process, selection of individuals or populations with
high seed yield, lead to indirect or deliberated selection of
plants with bigger seeds and longer pods, but with a lower
number of seeds per plant. In contrast, the reproductive
structures of the wild bean are small and abundant.
Length, node number and biomass of the stem
The contrasting morphology of the wild bean with respect to
the domesticated variant was evident because the mean
length of the stem of the wild bean was more than three
times longer than that of the domesticated bean and had a
significantly greater number of nodes. In spite of its length,
the biomass of the stem did not differ between domesticat-
ed and wild bean (Table 2). This can be interpreted as equal
biomass partitioning to long stem and branch formation in
the wild bean and to shorter but thicker stem and branches
in the domesticated variant.
High seed yield in the domesticated variant was related to
the heavy and vigorous stems (r = 0.94) (Table 3). It seems
that, in the domesticated variant, the biomass of the sup-
porting structures is related to the thickness of the main
stem that supports the heavy load caused by large pods and
heavy seeds. Gepts and Debouck (1991) and Smartt (1988)
noted that the length of the pods and the main stem have
been reduced as a result of domestication, but the thickness
has increased. In a natural habitat, wild beans use second-
ary vegetation to support its long and thin stems and branch-
es in order to compete favourably for sunlight.
Leaves
Total leaf area and leaf biomass were statistically similar in
the wild and domesticated variant (Table 2). The wild bean
leaf area in the present work was similar to the lowest value
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Traits Wilda Cultivar
Yield · Seeds per plant 0.95** 0.93**
Yield · Seeds per pod 0.66* -0.19N.S.
Yield · Seed size -0.43N.S. 0.12N.S.
Yield · Pods per plant 0.25N.S. 0.95**
Yield · Length of pod 0.54N.S. 0.37N.S.
Yield · Length of main stem 0.47N.S. 0.33N.S.
Yield · Main stem nodes 0.29N.S. 0.78**
Yield · Stems, branches 
and petioles biomass 0.33N.S. .0.94**
Seed size · Seeds per plant -0.69* -0.24N.S.
Seed size · Seeds per pod -0.30N.S. -0.58N.S.
Length of pod · Pods per plant -0.59N.S. 0.37N.S.
aN.S., * and **: none significant (P > 0.05), significant (P < 0.05) and
highly significant (P < 0.01), respectively
Table 3: Correlations between agronomic and morphological traits
of a sample of wild population of common bean obtained from
Durango, Mexico and a domesticated common bean variant, grown
in a glasshouse at Montecillo, Mexico (N=20)
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quantified by Bayuelo-Jiménez et al. (1999). Although there
were no significant differences between leaf area in several
samples of wild bean and two improved cultivars evaluated
by Peña-Valdivia et al. (1997), the smaller leaf size of the
wild bean was evident in that study, since at stage V1 of
development (first fully expanded trifoliolate leaf) the wild
bean mean leaf area was 12.3dm2 compared to 17.5dm2 in
the improved cultivars. 
A great number of leaves per plant ranging from 109 to
206 during pod formation (when the maximum number of
leaves was reached, between 90 to 105 DAS), was found in
three samples of Mexican wild common beans cultivated in
an experimental field (Bayuelo-Jiménez et al. 1999).
Total biomass 
The domesticated variant produced, on average, 20% more
biomass (including the dry weight of stem with branches and
petioles, leaves, seeds, pod walls and roots) than the wild
bean, and this difference was statistically significant at 0.06
of probability in spite of the great variability associated with
this trait (from 27g to 65g per plant) of the wild bean.
Biomass accumulated in each organ of wild bean, including
roots, stems, leaves and pod walls, was similar to that in the
domesticated variant, the exception was seed biomass
which was 20% higher in the domesticated variant. The
domesticated variant showed both higher seed biomass and
larger seeds (Table 2). 
Bayuelo-Jiménez et al. (1997) observed a high variability
in total biomass of several samples of wild common bean
during three growing seasons, but plants with growth habit
IV accumulated (923g m-2) almost three times more biomass
than plants with growth habit II (329g m-2). In the present
study, the wild common bean with growth habit IV accumu-
lated less biomass than the improved cultivar with growth
habit II. According to White and Izquierdo (1991), a diversity
and complexity of physiological events determine accumula-
tion of total biomass, and this is a direct result of the balance
among photosynthesis, respiration and losses caused by
senescence and abscission. It is reasonable to assume that
the environment under glasshouse conditions is favourable
for growing the wild bean, but these conditions may strong-
ly differ from its natural environment. Biomass of the wild
populations growing in situ may contrast strongly with bio-
mass generated under cultivation in either the field or a
glasshouse.
Leaf area efficiency
Since the total leaf area and leaf biomass were similar in
wild and domesticated beans (Table 2), it can be concluded
that leaf area of the domesticated bean was more efficient in
production of photoassimilates because the domesticated
bean produced more total biomass. If LAE is calculated, tak-
ing the total biomass per plant into account, the LAE of the
domesticated variant was 13% greater than that of the wild
bean.
Leaf area efficiency depends mainly on the photosynthet-
ic activity, but other factors such as the leaf area, maximum
duration of photosynthetic activity of a leaf, the leaf biomass
accumulation and its partitioning are also important (Evans
1993). Since the natural defoliation due to leaf senescence
was more accelerated in the wild bean, it is possible that the
high LAE of the domesticated variant was related to the
longer duration of photosynthetically active leaves in the
plant. During pod formation (62 DAS), when 66% and 26%
of the wild plants had lost the first pair of leaves and the first
trifoliolate leaf in the main stem, respectively, domesticated
plants showed only an incipient defoliation. The loss of
senescent leaves increased in the wild bean as develop-
ment continued; 76 DAS and 80 DAS, during pod filling,
between eight and 100% of wild plants had defoliated up to
the fourth trifoliolate leaf. In contrast, plants of the domesti-
cated variant still had all their trifoliolate leaves (Figure 1).
The fact that the primary leaf and the first four trifoliolate
leaves in the main stem remained on the domesticated
plants for longer periods, specifically during the reproductive
stage, indicated that the source of photoassimilates was
available to produce a high grain yield. In the wild bean the
early remobilisation of photoassimilates from the older
leaves toward the new ones and to the reproductive organs,
probably limited the photosynthetic activity of the canopy, as
well as seed production (Tanaka and Fujita 1979). During
the reproductive stage all the leaves of the domesticated
variant had reached maximum growth, resulting in less com-
petition between vegetative and reproductive organs during
pod formation. In contrast, in the same growth stage, the
wild bean was still increasing leaf number.
a: y=448-16x+0.14x2             R2=0.99
b: y=273-9x+0.08x2               R2=0.86
c: y=264-9x-0.07x2                R2=0.72
d and e: y=17-0.6x-0.004x2   R2=0.93
(B) Domesticated common bean (Line 370)
100
80
60
40
20
0
100
80
60
40
20
0
45 50 55 60 65 70 75 80
DAYS AFTER SOWING
P
E
R
C
E
N
T
A
G
E
 O
F
 P
L
A
N
T
S
 W
IT
H
 D
E
F
O
L
IA
T
IO
N
a
b
c
d and e
a: y=569+16x-0.10x2  R2=0.99
b: y=17-2x+0.30x2      R2=0.96
c: y=407-14x-0.12x2   R2=0.97
d: y=301-10x-0.09x2   R2=0.93
e: y=243-8x-0.07x2     R2=0.85
(A) Wild common bean
a
b
c
d
e
Figure 1: Percent of wild (A) and domesticated (B) plants with defo-
liation at 62, 70, 76 and 80 days after sowing (DAS). Primary leaves
(a) and first to fourth trifoliolate leaves (b to e)
Berrocal-Ibarra, Ortiz-Cereceres and Peña-Valdivia210
Leaf senescence is a plant development process in which
part of the leaf constituents is degraded and translocated to
developing organs and storage organs (Leffler 1980). In
some crops, abscission of leaves represents a considerable
loss of carbon (Brown 1994). In general, the yield of numer-
ous crops is limited by the short period in which leaves
remain active on the plant (Moss, 1976). Greater photosyn-
thetic activity, after anthesis, could contribute substantially to
biomass accumulation during pod filling. The slow decrease
in photosynthetic activity through the crop cycle is an out-
standing trait in high yielding cultivars of different crops
(Evans 1994). Differences in photosynthetic activity may
have determined the contrasting biomass accumulation
between the wild and the domesticated variant. However,
net photosynthesis of different samples of wild bean popula-
tions was similar to that of several improved cultivars at dif-
ferent stages of development, when they were grown under
greenhouse conditions (Berrocal 1997, López 1998) or
under field conditions (Peña-Valdivia et al. 1997). It was
observed, however, that photosynthetic activity in wild bean
tended to decline faster than in a domesticated variant
(Berrocal 1997). 
Seed filling rate and harvest index
The SFR of the domesticated variant was 42% higher than
that of the wild bean (Table 2). One determinant of high seed
yield of the domesticated variant is the SFR, but the seed fill-
ing period also influences seed yield (Gupta 1992). In the
present study, seed filling period (period of time comprised
between the flowering and the physiological maturity stages)
was on average three days longer in the domesticated vari-
ant (58 days) than in the wild bean (55 days) (Table 1). In the
domesticated variant, seed yield corresponded to 54% of
the total biomass and the increase of total biomass during
the reproductive stage corresponded almost 100% to the
increase in seed biomass (Table 2). The high HI for the
domesticated variant indicated its greater efficiency in pho-
toassimilate partition toward the seed.
White and Izquierdo (1991) stressed that, if a cultivar
accumulate assimilates during vegetative growth and is able
to remobilise it during pod filling, this should delay leaf
senescence and lead to higher yields. Results of leaf senes-
cence and HI in the present work are in agreement with this
statement. A greater HI has been linked to improvement of
the yield potential of new cultivars of wheat, rice and barley,
although total biomass production has not increased
(Dobben 1962, Evans 1993). In the improvement of beans,
however, the increase of total biomass and a greater HI
have been considered equally important and both could be
traits of the same cultivar (Scully and Wallace 1990), as was
found in the present study.
There is evidence that stem height reduction is associat-
ed with reduced stem weight in cereals. In wheat (Bush and
Evans 1988) and maize (Johnson et al. 1986), reduced plant
height contributed to an increased HI. In the present study,
the short length of the domesticated variant stem did not cor-
relate with a low stem weight or seed biomass, but the plants
reached a higher HI . The higher HI of the domesticated vari-
ant could be related to the decreased plant length and less
competition between vegetative and reproductive structures,
because at the beginning of the pod filling stage leaves had
reached maximum growth, while in wild bean, new vegeta-
tive structures were developing simultaneously with repro-
ductive organs. In cereals it has been demonstrated that a
high demand of assimilate for stem growth coincided with
the maximum accumulation of grain weight (Gupta 1992).
These results confirm that during the reproductive phase,
vegetative organs, flowers and young pods compete with
each other for assimilates and seed yield depends on the
plant’s capacity to adjust the sink-source processes (Tanaka
and Fujita 1979).
Conclusions
In the wild bean, seed yield correlated with number of seeds
per plant and number of seeds per pod, while in the domes-
ticated bean seed yield correlated with number of seeds and
pods per plant, as well as to the stem biomass and the num-
ber of nodes of the stem. The higher yield of the domesti-
cated bean was associated with its large seeds. The stem,
leaf and pod wall biomass was similar between the wild and
domesticated variant. However, distinct patterns of distribu-
tion of photoassimilates led to a contrast in these morpho-
logical traits. The total biomass of the domesticated bean
was higher, and this was probably mainly due to a greater
seed biomass. The greater efficiency of seed production by
the domesticated variant was associated with a higher SFR,
longer longevity of the leaves, a higher HI and reduced com-
petition between vegetative and reproductive structures.
The consistency of these results support the hypothesis that,
with domestication, bean has increased its efficiency in par-
titioning of photoassimilates toward seeds.
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